Chemical analysis was conducted to determine the contents of lead (Pb), cadmium (Cd) and nickel (Ni) of three common spices viz, onion (Allium cepa), garlic (A. sativum) and chilli (Capsicum annuum) and their rhizospheric soils grown in polluted and non-polluted areas of Gazipur city in Bangladesh. Plant and rhizospheric soil samples were collected from: (i) directly polluted (Kaliakoir, Konabari, Gazipur), (ii) indirectly polluted (Donker bill, East Kaliakoir, Konabari, Gazipur), and iii) non-polluted (Bangladesh Agricultural Research Institute, Joydebpur, Gazipur) areas. Regardless of the locations, there were significant differences (P≤0.01) in Pb, Cd, and Ni concentrations in all spices and soils. The concentrations of Pb, Cd and Ni were in the order of Ni>Pb>Cd in the spices and degrees of pollution in soils were in the order of directly polluted>indirectly polluted>non-polluted area. The Pb, Cd and Ni contents were found higher in garlic followed by chilli and onion in three areas. Most of the metals were accumulated in bulb/fruit, moderate in root and the smallest in the leaf. Compared to the nonpolluted area, the higher amount of Pb, Cd and Ni were detected in both soils and spices samples collected around industrial areas of Gazipur city. Alarmingly, all the spices contained Pb, Cd, and Ni were higher than the tolerance limits proposed by Food and Agricultural Organization (FAO)/World Health Organization (WHO) and State Environmental Protection Administration (SEPA). Therefore, it is strongly recommended not to grow spice crops in polluted areas.
Introduction
Contamination of environment with toxic heavy metals is one of the major concerns in the world. Generally, most of the heavy metals are extremely toxic because of their nonbiodegradable nature, long biological half-lives and their solubility in water (Jarup, 2003) . Heavy metals in surface water bodies, ground water and soils can be either from natural or anthropogenic sources. Sources of anthropogenic metal contamination in soils include urban and industrial wastes; mining and smelting of non ferrous metals and metallurgical industries (Singh, 2001) . Other sources of anthropogenic contamination include the addition of manures, sewage sludge, fertilizers and pesticides to soils (Whatmuff, 2002; McBride, 2003) . Currently, anthropogenic inputs of metals exceeded the natural inputs due to increased urbanization and industrialization. In urban and peri urban areas, land contamination with toxic metals is common as a result of industrial and municipal activities.
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Heavy metal accumulation in soil is of major concern in agricultural production due to the adverse effects on food quality, crop growth and soil environmental health (Ma et al., 1994) . Heavy metal accumulation in the food chain possesses serious negative impact to human health Mahmood and Malik, 2014) . Heavy metals are easily accumulated in the edible parts of leafy vegetables compared to grain or fruit crops (Mapanda et al., 2005) . Vegetables up take heavy metals and accumulate them in their edible and inedible parts in quantities high enough to cause clinical problems both to animals and human beings consuming these metal-rich plants (Arora et al., 2008; Alam et al., 2003; Bahemuka and Mubofu, 1991) . Heavy metals accumulation by plants depends on plant species (Mattioni et al., 1997) and soil properties (Bruemmer et al., 1986) . Plants growing nearby the zone of industrial areas display increased concentration of heavy metals, serving in many cases as biomonitors of pollution loads (Mingorance et al., 2007) .
In Bangladesh, people generally consume large amount of spices. Different types of spices are grown well in Gazipur district of Bangladesh but it is quite rich by several types of industries. These industries discharge untreated wastewaters containing various types of hazardous chemicals including enzymes, detergents, dyes, acids, alkalies, salts and toxic heavy metals (Roy et al., 2009) . Besides, generally industrial effluent has the characteristics of high amount of total dissolved solid (TDS), high biological oxygen demand (BOD) and chemical oxygen demand (COD) (Roy et al., 2009) . All the rivers, canals, and water bodies are being polluted due to discharge of industrial effluents, sewage sludge and municipal wastewaters. After receiving a huge flux of industrial effluents, sewage sludge and municipal wastes, the drainage pass the wastewaters from urban area to sub urban areas and finally into the river Turag. Cultivation of spices with the industrial and sewage effluents is a common practice in studied area. Generally, local farmers across the river Turag use surface wastewater to irrigate their agricultural fields for cultivation of spices. Thus, spices grown on irrigation with wastewaters or soils contaminated with industrial effluents may accumulate toxic heavy metals.. So far, heavy metals in common spice grown in polluted areas of Bangladesh were not reported. However, this information is urgently needed for the production of quality spice as well as healthy food stuffs. Therefore, the present study was undertaken with an aim to determine the concentrations of heavy metals such as lead, cadmium and nickel in commonly grown spices (onion, garlic and chilli) in polluted areas of Gazipur in Bangladesh.
Materials and Methods

Sampling
Soils and spices viz. onion (Allium cepa), garlic (A. sativum) and chilli (Capsicum annuum) samples were collected from three agricultural areas exposed to different degrees of pollutions. The area 1 (Kaliakoir, Konabari, Gazipur) is directly polluted by irrigation from the river Turag. Turag is highly polluted due to discharge of industrial effluents, sewage sludge, municipal wastewater and urban pollutants. The area 2 (Donkar bill, East Kaliakoir, Gazipur) is indirectly polluted by ponds and canals water which is contaminated by industrial effluents, sewage sludge and municipal wastewater. During the rainy season, ponds and canals are overflowed by rain water and submerged the adjacent cultivable land where the farmers grown their crops in winter. The area 3 is the Bangladesh Agricultural Research Institute, Gazipur, regarded as non-polluted area. The spice samples represent individual and whole parts of the selected plants of onion, garlic and chilli (fruits, bulb, leaves-stems and roots). Soil samples from the above mentioned areas were collected from rhizosphere zone of the respective plants (0-15 cm) with a stainless steel auger during plant sampling.
Preparation of plant and soil samples for analysis of heavy metals
All spice samples were washed with running tap water then washed with deionized water. Clean samples were air-dried and placed in an electric
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Heavy metal accumulation in spice oven at 65°C for 72-96 h depending on the sample size (Naser et al., 2012) . Dried samples were homogenized by grinding using a ceramic coated grinder and used for heavy metal analysis. Soil samples were spread on plastic trays, dried at ambient temperature for 8 days. The samples were ground with a ceramic coated grinder and sieved through a nylon sieve (10 mesh) and kept in labeled polypropylene containers at ambient temperature before analysis.
Digestion of samples
One gram (1 g) of sample (soil/spice) was digested with HNO 3 and HClO 4 (5:1 volume) for total heavy metal determination as described by (Misra and Chaturvedi, 2007) . Digestion was performed at temperature of about 190 ºC for 1.5 h. After cooling, the samples were transferred into 50 ml volumetric flask and solution was made up to a final volume raised up to the mark with distilled water.
Determination of heavy metals and statistical analysis
The heavy metal concentrations such as Pb, Cd, and Ni were determined by atomic absorption spectrophotometer (VARIAN model AA2407). Each sample was analyzed three times to obtain representative results and the data reported in µg g -1 (on a dry matter basis). Statistical analysis were performed by Tukey's multiple comparisons test by using Excel Statistics version 4.0 (Esumi Co. Ltd., Tokyo, Japan).
Results and Discussion
The mean values of Pb, Cd, and Ni content in plants (onion, garlic and chilli) and soils are shown in Tables 1-4 , respectively. The levels of heavy metal content obtained in three spices and three soil samples from the polluted area (either directly or indirectly) were significantly higher than the non-polluted area. Numerous studies have also suggested that plants grown in polluted areas have higher concentrations of heavy metals than those grown in non-polluted area (Alam et al., 2003; Alegría et al., 1991; Arora et al., 2008; Guttormsen et al., 1995; Dowdy and Larson, (1975) . Statistical significant difference (P≤0.01) on heavy metals accumulation was noticed in polluted (either directly or indirectly) and nonpolluted areas in both spices and soils. There were significant differences in Pb, Cd, and Ni concentrations (µg g -1 of dry wt.) of different species (onion, garlic, and chilli) from different locations. A similar trend of heavy metals was observed in all spices. The metal contents in spices were monitored in the order of Ni>Pb>Cd and the degrees of soils pollution were directly polluted>indirectly polluted>non-polluted areas. The lead content was the highest in garlic with a range of 1.79 to 9.91 followed by chilli with a range of 2.93 to 5.55 and onion with a range of 1.0 to 4.59 µg g -1 of dry wt. in non polluted to polluted area. In the directly polluted area, Ni (µg g -1 of dry wt.) was the highest in garlic followed by onion and chilli i.e. garlic>onion>chilli.
Lead, Cd and Ni concentrations in soils samples were also followed the similar trend as spices (Table 4) . Tables 1-3 showed the metal partitioning in plant tissues. Lead (Pb), Cd and Ni concentrations in bulb/fruit, leaf and root of onion, garlic and chilli were increased significantly with the increase of total metal concentrations in soil. Of the total uptake, the highest Pb concentration was found in bulbs ranged from 38-41% followed by 32-34% in roots and 25-27% in leaves, whereas Ni was found 57-62% in roots, 18-25% in leaves and 14-22% in bulbs/fruits. Lead and Cd concentrations can be categorized in the order of bulbs>roots>leaves. These result suggested that regardless of the degrees of pollution, most of the metals accumulated in bulb/fruit, moderate in root and the smallest amount in the leaf, except Cd. The degrees of Cd concentration were found in the order of roots>leaves>bulbs/fruits. Partitioning of heavy metals in plant parts depends on several factors such as plant type, root system, variety, concentrations of heavy metals in the soils and the nature and properties of the soil (Arora et al., 2008; Naser et al., 2012) . It was reported that most of plants retain more than 50% of the absorbed cadmium in the roots than the storage organs or fruit (Obata and Umebayashi, 1993) .
Average Pb content in the tested spices was 1.00-6.91 µg g -1 dry wt. which was lower than the values reported in Titagarh (21.59-57.63 µg g -1 dry wt), West Bengal (Gupta et al., 2008) and in Varanasi (3.09-15.74 µg g -1 dry wt), India (Sharma et al., 2007 ) and 1.97-3.81 µg g -1 dry wt in China (Liu et al., 2005) . Furthermore, mean concentration of Pb was also lower than the vegetables (11.97-22.09 µg g -1 dry wt) grown around the Dhaka Export Processing Zone (DEPZ), Bangladesh (Ahmed and Goni, 2009 (Gupta et al., 2008) and the vegetables from endemic upper gastrointestinal cancer region of Turkey (25 µg g -1 dry wt) (Türkdoğan et al., 2002) . But it was higher or statistically similar than the vegetables from China (0.03-0.73 µg g -1 dry wt) (Liu et al., 2005) , and also significantly higher than the vegetables from Egypt (0.002-0.08 µg g -1 dry wt) (Dogheim et al., 2004) .
The amount of Ni (Tables 1-4) in both soil and spices samples was higher than Pb and Cd in all samples in studied areas. Ni concentration in edible vegetables was higher in polluted area than non-polluted area reported by Yusuf et al. (2003) . 
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Heavy metal accumulation in spice Average Ni concentrations in spices varied from 5.2 -35.1 µg g -1 dry wt. which were higher than the vegetables grown in DEPZ area of Dhaka (4.62-23.68 µg g -1 dry wt.), Varanasi, India (1.81-7.57 µg g -1 dry wt.) (Sharma et al., 2007) and in Delhi, .5 µg g -1 dry wt.) (Rattan et al., 2005) .
The concentrations of Pb, Cd and Ni were higher in edible plant parts collected from directly polluted area than indirectly polluted and nonpolluted areas of Gazipur city in Bangladesh. However, these concentrations were much higher than the permissible limit recommended by India (Awashthi, 2000) , FAO/WHO (1984) and China (SEPA 2005) . The maximum Pb was found in garlic (6.91 µg g -1 dry wt.) followed by chilli (5.55 µg g -1 dry wt.) from directly polluted area which exceeded the acceptable tolerance limit proposed by Indian standard (Awashthi 2000) . In directly polluted area, Cd accumulation was higher in garlic (1.64 µg g -1 dry wt.) followed by chilli (1.49 µg g -1 dry wt.) which also exceeded the acceptable tolerance limit recommended by FAO/WHO (1984) . Maximum Ni was detected in garlic (35.1 µg g -1 dry wt.) which is 2, 23 and 4-fold higher than the recommended limit of FAO/WHO (1984) , India (Awashthi 2000) and of China (SEPA, 2005) . However, Pb and Cd concentrations in non-polluted area were lower than the permissible limit recommended by FAO/WHO (1984 ), India (Awashthi, 2000 and China (SEPA 2005) . The concentrations of metals found in soil of the polluted areas in the present investigation was lower than the permissible limits reported by Awashthi (2000) ; Bowen (1966, except Ni); Kabata-Pendias and Pendias (1992, except Ni); Temmerman et al. (1984, except Cd and Ni) .
High concentrations of heavy metals in the polluted areas might be due to high contents of metals in the soil as caused by irrigation with metal contaminated water released from different kinds of industries. The river Turag is highly polluted by industrial effluents, sewage sludge, municipal waste water and urban pollution. Comparatively, lower concentration of heavy metals were found in spices grown in indirectly polluted area (Dhonkar bill) might be due to the pattern of contamination, where ponds and canals contaminated water submerged the adjacent cultivable land during rainy season after that the farmers grown their crops in winter.
However, the higher concentrations of Pb, Cd and Ni were found in the polluted (either directly or indirectly) area indicate that different types of industrial activities such as textiles, paints, battery, milling and chemical industries may contaminate or introduce heavy metals into the soil.
Conclusions
The higher amount of Pb, Cd and Ni were found in both soils and spices samples collected in and around industrial areas of Gazipur city in Bangladesh. All the spices contained heavy metals higher than the recommended tolerance levels proposed by FAO/WHO and SEPA. Thus, the authors strongly recommended, not to grow spices in industrial polluted areas of Bangladesh to prevent the excessive build up of heavy metals in the food chain.
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Heavy metal accumulation in spice Mean values in the same column followed by the same letters are not significantly different (P < 0.01) a [Awashthi, 2000] , b [Ewers, 1991] . c [Kabata-Pendias and Pendias, 1992] .
